Natural product discovery by random screening of broth extracts derived from cultured bacteria often suffers from high rates of redundant isolation, making it ever more challenging to identify novel biologically interesting natural products. Here we show that homology-based screening of soil metagenomes can be used to specifically target the discovery of new members of traditionally rare, biomedically relevant natural product families. Phylogenetic analysis of oxy-tryptophan dimerization gene homologs found within a large soil DNA library enabled the identification and recovery of a unique tryptophan dimerization biosynthetic gene cluster, which we have termed the bor cluster. When heterologously expressed in Streptomyces albus, this cluster produced an indolotryptoline antiproliferative agent with CaMKIIδ kinase inhibitory activity (borregomycin A), along with several dihydroxyindolocarbazole anticancer/antibiotics (borregomycins B-D). Similar homology-based screening of large environmental DNA libraries is likely to permit the directed discovery of new members within other previously rare families of bioactive natural products.
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antitumor | uncultured microbes | bisindole alkaloid | indenotryptoline N atural product discovery programs have long relied on the random screening of culture broth extracts to identify metabolites with bioactive properties. Unfortunately, it has become increasingly difficult to isolate new members of biomedically interesting classes of compounds using random screening strategies due to the phenomenon of redundant isolation (1) . Homology-based screening of metagenomes, which relies on the PCR amplification of conserved natural product biosynthetic gene sequence motifs to identify and recover gene clusters from environmental DNA (eDNA) libraries, offers a potential solution to this dilemma by allowing the targeted recovery of specific biosynthetic pathways from the genomes of all bacterial species present within an environmental sample. Bioinformatics analyses of sequences recovered through homology screening allow for the exclusion of sequences that are likely associated with gene clusters encoding for previously encountered metabolites, significantly reducing the likelihood for redundant isolation and increasing the likelihood of finding hitherto rare metabolites. Thus, homology-based screening coupled with phylogenetic analyses of sequences captured in large eDNA libraries should permit the routine discovery of biosynthetic gene clusters encoding for metabolites belonging to even previously rare families of bioactive natural products.
The biosynthesis of a number of pharmacologically interesting bacterial secondary metabolites starts with the dimerization of tryptophan (2) . Most bacterial tryptophan dimers that have been characterized to date are members of the indolocarbazole family (3), which have been the inspiration for the development of an entire class of clinically relevant kinase inhibitor antineoplastic agents (4) . Although indolocarbazole structures have been commonly found in culture-based screening programs with more than 100 natural members described to date (3), the related indolotryptoline (dihydroxy-dihydro-pyrido[1,2-a:3,4-b 0 ]diindole) family of tryptophan dimers has seldom been seen. In fact, only two natural tryptophan dimer-based indolotryptolines, BE-54017 (5) and its desmethyl derivative cladoniamide (6), have been reported so far. Consequently, the bioactivity of the indolotryptoline family remains poorly understood, despite having in vitro antiproliferative activity comparable to that of the indolocarbazole family (7). Using homology-guided metagenomic library screening, we report here the discovery, cloning, and heterologous expression of the indolotryptoline-based bor biosynthetic gene cluster, which encodes for the borregomycins (Fig. 1) . The borregomycins are generated from a branched tryptophan dimer biosynthetic pathway, with one branch leading to borregomycin A (1), a unique indolotryptoline antiproliferative agent with kinase inhibitor activity, and a second branch leading to borregomycins B-D (2-4), a unique series of dihydroxyindolocarbazole anticancer/antibacterial agents.
Results and Discussion
A single gram of soil is predicted to contain thousands of unique bacterial species, the vast majority of which remain recalcitrant to culturing in the laboratory (8) . Cloning DNA that has been extracted directly from soil, therefore, provides a means of capturing the biosynthetic potential encoded within the genomes of thousands of largely uncultured bacterial species in a single genomic DNA library. The enormous unexplored biosynthetic diversity found in large soil eDNA libraries makes them promising starting points for homology-guided discovery efforts. For this study, a cosmid library containing more than 10 million unique members was constructed using eDNA extracted from Anza-Borrego Desert soil.
All functionally characterized bacterial biosynthetic gene clusters encoding for members of the indolocarbazole, indolotryptoline, and violacein families of tryptophan dimers contain a highly conserved gene responsible for oxy-tryptophan dimerization (2), the prototypical member of which is staD from the staurosporine biosynthetic gene cluster (9) . A ClustalW-based phylogenetic tree of staD homologs reveals the clustering of sequences according to the specific structural class of the tryptophan dimer to which these sequences are linked (Fig. 2) . Because this single gene can be used to predict the class of tryptophan dimer encoded by a gene cluster, we hypothesized that we could target the discovery of unique indolotryptoline-encoding biosynthetic gene clusters by screening for oxy-tryptophan dimerase genes that fall into the same clade as the abeD and claD genes from the BE-54017 and cladoniamide biosynthetic gene clusters, respectively.
Degenerate PCR primers designed to recognize conserved regions in staD homologs from all known bacterial tryptophan dimer gene clusters were used to screen the Anza-Borrego Desert soil eDNA library for staD-like sequences. PCR amplicons from this screen were sequenced and phylogenetically compared with known oxy-tryptophan dimerase genes (Fig. 2) . As expected from the frequent discovery of indolocarbazole metabolites in culture-based studies, a number of oxy-tryptophan dimerase amplicons falling into the staurosporine (indolocarbazole I) and rebeccamycin (indolocarbazole II) clades were found in the library. In addition to these common sequences, we also found one amplicon (Fig. 2, amplicon 1091 ) that fell within the same clade as the indolotryptoline biosynthesis-associated abeD and claD genes. This sequence, amplicon 1091, was used as a probe to guide the recovery of the cosmid clone containing the eDNA gene cluster from which it arose.
Sequencing of the eDNA cosmid clone containing the abeD/ claD-related tryptophan dimer gene sequence (clone AB1091) revealed the bor gene cluster, which resembles, but is noticeably distinct from, both the BE-54017 (abe) (7) and the cladoniamide (cla) (10) gene clusters (Fig. 3) . As seen in the abe and cla clusters, the bor cluster contains a complete set of conserved indolocarbazole biosynthetic genes (borO, -D, -C, and -P), a single halogenase gene (borH), and homologs of the two oxidoreductase genes (borX1, borX2) that are known to encode the transformation of indolocarbazole precursors into indolotryptolines. Additionally, the bor cluster uniquely contains a third oxidoreductase gene (borX3) that is not seen in either the abe or the cla cluster. Similar to the abe cluster, three methyltransferase genes (borM1, -M2, and -M3) are present in the bor cluster; however, borM2 and borM3 do not show significant sequence identity to any of the abe methyltransferases. As suggested by our initial phylogenetic analysis of the bor oxy-tryptophan dimerase gene amplicon, bioinformatics analysis of the complete bor cluster further suggested that it was likely to encode for a new indolotryptoline-based metabolite.
In an effort to access the metabolite(s) encoded by the bor cluster, an eDNA clone harboring this cluster (clone AB1091) was conjugated into Streptomyces albus, which has been successfully used as a heterologous expression host for other tryptophan dimer-encoding gene clusters (11, 12) . However, in the case of the bor cluster, most clone-specific metabolites were produced by S. albus at such low levels that it was not possible to isolate sufficient quantities for structural elucidation. In genome-mining studies with cultured bacteria, it has been possible to increase metabolite production from "silent/cryptic" biosynthetic pathways by overexpressing positive acting transcriptional regulators found within gene clusters of interest (13, 14) . A putative transcription factor from the bor cluster, borR, was therefore cloned into a Streptomyces expression vector (pIJ10257) under the control of the strong constitutive ermE* promoter and cotransformed into S. albus along with the cosmid AB1091. In addition to the ermE* promoter, this Escherichia coli/Streptomyces shuttle expression vector contains an origin of transfer (oriT), a hygromycin resistance marker, and the Streptomyces φBT1 integration system that makes it compatible with the φC31 integration system and apramycin resistance marker used to integrate the AB1091 cosmid into the S. albus genome. Constitutive expression of borR in the S. albus background containing AB1091 resulted in increased production of clone-specific metabolites to a level that permitted their isolation and structural characterization (Fig. 4) .
In the presence of the borR overexpression construct, the bor gene cluster encodes for the production of five detectable clonespecific metabolites in S. albus (1-5) (Figs. 1 and 4). On the basis of extensive 1D and 2D NMR analysis, compound 1 was determined to be a unique trimethylated indolotryptoline and compounds 2-4 were found to be a unique series of tri-, di-, and monomethylated dihydroxyindolocarbazoles, respectively (SI Text and Figs. S1-S7). Compounds 1-4 have been named borregomycin A-D after the geographic origin of the soil from which the bor cluster was cloned. Two unnamed compounds, 5 and 6, were also isolated in this study (Fig. 1) . Compound 5 is a dichlorinated derivative of chromopyrrolic acid, a known shunt product in tryptophan dimer biosynthesis. Compound 6 is the C-12a O-methyl analog of borregomycin A. This compound is not seen in the crude extract (Fig. 4) and is therefore assumed to be an artifact that arises from methanolysis of borregomycin A during the isolation protocol.
On the basis of their final structures, sequence homology arguments, and precedents from previous studies of tryptophan dimer biosynthesis, the biosynthesis of borregomycins A-D can be rationalized as outlined in Fig. 5 . Similar to the biosynthesis of rebeccamycin and BE-54017, the biosynthesis of the borregomycins is likely initiated by the chlorination of L-tryptophan by the halogenase BorH, followed by the construction of an indolocarbazole using the set of conserved indolocarbazole biosynthetic enzymes BorO, -D, -P, and -C. The resulting 2,10-halogenation pattern is not seen in any previously reported indolotryptoline-or indolocarbazole-based metabolite. This is consistent with the fact that BorH is more closely related to known tryptophan 6-halogenases than halogenases found in other tryptophan dimer gene clusters. On the basis of sequence homology to enzymes from BE-54017 biosynthesis, oxidoreductase BorX1 is predicted to install the C-4c/C-7a hydroxyl groups and putative N-methyltransferase BorM1 is predicted to methylate N-6 to generate borregomycin C (4). One of the two remaining methyltransferases unique to the bor cluster, collectively referred to as BorM2/BorM3, is then predicted to O-methylate 4 on either the C-4c or the C-7a hydroxyl to yield dimethylated 3. The regiospecificity of this O-methylation reaction is not known.
The concurrent production of both borregomycin A (1) and borregomycin B (2) from 3 can be rationalized by the existence of a branch in the biosynthetic scheme where 3 initially undergoes either oxidation by BorX2 or further methylation by BorM2/M3. Should BorM2/M3 act directly on 3 to generate the trimethylated borregomycin B (2), transformation of the indolocarbazole into an indolotryptoline by BorX2 is inhibited as a result of both the C-4c and C-7a hydroxyls being blocked with methyls, rendering 2 as the terminal product of one branch of the bor pathway. If, however, the C-7a hydroxyl of 3 is available for deprotonation, albus harboring an empty vector as a negative control (green), the bor pathway alone (blue), or S. albus harboring the bor pathway as well as the borR transcriptional regulator overexpression construct (red). Compounds 1-5 represent all of the detected metabolites that are specific to the bor cluster. With bor gene cluster alone, the shunt product 5 accumulates as the major clone-specific product. When the borR expression construct is present, compounds 1 and 2, the predicted final products of the bor cluster, accumulate at higher levels. Peaks marked with an asterisk (*) are produced at high levels in S. albus harboring the bor cluster, but they are also present in negative control extracts and are thus not clone specific. The peaks marked "A" are present in extracts of S. albus harboring the bor gene cluster and not in the negative control extracts. However, these low molecular weight compounds (predicted molecular masses of 179 and 195 mass units) are also seen in extracts from S. albus cultures harboring other indolotryptoline gene clusters (e.g., BE-54017) and are therefore likely common shunt products of indolotryptoline biosynthesis.
BorX2 can promote the rearrangement of the indole via epoxidedriven fragmentation of the C-7a/C-7b bond followed by rotation of the indole around the C-12a/C-12b axis and formation of the C-7a/N-7b bond. The resulting indolotryptoline intermediate is then predicted to undergo methylation on the C-7a hydroxyl (BorM2/M3) followed by BorX3-dependent oxidation across the C-12/C-12a bond to yield borregomycin A (1).
Branched biosynthetic pathways are quite common in natural product biosynthesis. In most cases, however, they generate either collections of compounds from the same structural family or relatives of a single major product that are labeled as intermediates, degradation products, or shunt products (15, 16) . In rarer cases, for example in methymycin/pikromycin biosynthesis in Streptomyces venezuelae (17) and saliniketal/rifamycin biosynthesis in Salinispora arenicola (18), pathways have been found to produce terminal biologically active metabolites that are representative of different structural classes.
Tryptophan dimers and other bisindole compounds exhibit diverse cytotoxic activities (3, 4) , and therefore the borregomycins were assayed for cytotoxicity against a panel of model organisms ( Table 1) . Both borregomycin A (1) and borregomycin B (2) exhibit low micromolar antiproliferative activities against human colon cancer HCT116 cells, comparable to the activity reported for the extensively studied indolocarbazole rebeccamycin [half-maximal inhibitory concentration (IC 50 ): 0.72 μM] (19). Borregomycin B (2) is also a Gram-positive antibiotic; however, at the highest concentration tested, borregomycin A (1) did not inhibit the growth of any of the bacteria we tested ( Table 1 ). The bor pathway therefore encodes not only for metabolites from distinct structural families, but also for metabolites with distinct bioactivities.
Although reports on the potential mode of action of members of the indolotryptoline family are limited to a single recent study of the H + -ATPase inhibitory activity of BE-54017 (20) , close structural relatives of indolotryptolines, including tryptoline-based (21), indolo-β-carboline (fascaplysin)-based (22) , and indolocarbazolebased (4) compounds, have all been explored as protein kinase inhibitors. The final products of the two bor biosynthetic pathway branches, borregomycin A (1) and B (2), were therefore tested for inhibitory activity against a panel of 59 diverse disease-relevant kinases (KinaseProfiler; Millipore). Borregomycin B did not exhibit an IC 50 of less than 10 μM against any kinases in the panel. At 10 μM, the most inhibited kinases PRAK, IGF-1R, and PI3KCδ showed residual activities of 66%, 67%, and 69%, respectively (Fig. S8) . At the same concentration, borregomycin A exhibited a sub-10-μM IC 50 against a single kinase, CaMKI (Fig. 6 ). When borregomycin A was assayed against a more extensive panel of CaMKI-related kinases, it most strongly inhibited the CaMKIIδ kinase (IC 50 : 3.4 μM; Fig. S8 ). Elevated levels of CaMKII, which is a Ca 2+ /calmodulin-dependent serine/threonine kinase that is involved in various signal transduction pathways, have been implicated in diseases such as heart failure (23) and cancer (24) . As borregomycin A is active at comparably low micromolar levels against both HCT116 cells and CaMKIIδ in vitro, the inhibition of CaMKIIδ may be a key contributing factor to its in vitro cytotoxicity.
Fascaplysin, a simple indolo-β-carboline, inhibits Cdk4-D1 kinase; however, its planar structure also renders it a DNA intercalator (25) . This has inspired the synthesis of nonplanar fascaplysin analogs in an attempt to eliminate the DNA intercalating property, thereby reducing its toxicity to normal cells (26) . Similarly, the planar borregomycin B appears to be a general cytotoxin, whereas borregomycin A, which is rendered nonplanar by BorX2-catalyzed indole rearrangement followed by BorX3-catalyzed oxidation, appears to show more specificity in both the cell-based cytotoxicity assay and the kinase activity assay. The observed kinase inhibitory activity of borregomycin A suggests that oxidized indolotryptolines may warrant further investigation as potential lead structures for the development of novel protein kinase inhibitors.
Conclusions
Previous applications of homology-directed metagenomic library screening include the characterization of gene clusters encoding known compounds (27) , the generation of nonnatural glycopeptide congeners through the expression of novel tailoring enzymes (28) , and the heterologous production of ribosomal peptides that were found at low levels in environmental samples (29) . Unique from these previous reports, this study successfully uses homology-directed metagenomic library screening to target, isolate, and heterologously express a biosynthetic gene cluster that encodes for a new member of a specific underexplored family of natural products. Iterations of this approach using DNA isolated from other environments should allow for further expansion of the structural diversity seen in the indolotryptoline family of tryptophan dimers. The general strategy of phylogenetically profiling degenerate PCR-derived amplicons to guide gene cluster selection and transcription factor overexpression to activate recovered gene clusters of interest can easily be adapted to the discovery of new members of other previously rare families of bioactive natural products from large metagenomic libraries. As traditional natural product discovery methods saturate the chemical space of frequently occurring bacterial secondary metabolites, homologyguided metagenomic library screening should be useful for the routine discovery of novel natural products that expand on previously underexplored bioactive natural product families.
Methods
Soil eDNA Library Construction. A library consisting of in excess of 10 million unique cosmid clones was constructed using DNA isolated from Anza-Borrego Desert (CA) soil, following published methods (30) . Briefly, soil was resuspended in lysis buffer [100 mM Tris·HCl, 100 mM sodium EDTA, 1.5 M sodium chloride, 1% (wt/vol) cetyl trimethyl ammonium bromide, 2% (wt/vol) SDS, pH 8.0] and heated for 2 h at 70°C. The soil was removed by centrifugation (30 min, 4,000 × g, 4°C). eDNA was precipitated from the supernatant by adding 0.7 vol isopropanol and then collected by centrifugation (30 min, 4,000 × g, 4°C). High molecular weight eDNA (≥25 kb) was purified from the resulting pellet by gel electrophoresis (1% agarose, 16 h, 20 V) and recovered by electroelution (2 h, 100 V). Purified eDNA was concentrated (100-kDa molecular weight cutoff), blunt-ended (End-It; Epicentre), ligated into the SmaI site of pWEB or pWEB-TNC (Epicentre), packed into λ-phage, transfected into E. coli EC100 (Epicentre), and selected using LB containing 50 μg/mL ampicillin. The resulting eDNA library was archived as a total of 2,176 unique sublibraries containing 4,000-5,000 clones each. Matching DNA miniprep and glycerol stock pairs were generated for each sublibrary. DNA minipreps were arrayed such that sets of 8 sublibraries were combined to generate 272 unique "rows".
Homology-Guided Screening for Indolotryptoline Gene Clusters. A degenerate PCR primer set (StaDlikeF, ATGVTSCAGTACCTSTACGC; StaDlikeR, YTC-VAGCTGRTAGYCSGGRTG) was designed on the basis of conserved regions found in all known staD-like oxy-tryptophan dimerization genes (accession nos.: vioB, AF172851.1; staD, AB088119.1; inkD, DQ399653.1; rebD, AJ414559.1; atD,  DQ297453.1; abeD, JF439215.1; and claD, JN165773.1 ). The eDNA library was screened by conducting degenerate PCR on DNA from each of the 272 pooled miniprep rows, using standard Taq polymerase reaction conditions (New England Biolabs). PCR cycling conditions were as follows: 1 cycle of 95°C for 5 min; 7 cycles of 95°C for 30 s, 65°C for 30 s with 1°C decrement per cycle to 59°C, and 72°C for 40 s; 30 cycles of 95°C for 30 s, 58°C for 30 s, and 72°C for 40 s; 1 cycle of 72°C for 7 min; and 4°C hold. Amplicons of the correct predicted size (561 bp) were gel purified, reamplified, and sequenced using the degenerate primers. A ClustalW (MacVector) phylogenetic tree was constructed by aligning the library amplicon sequences with the corresponding region from known oxy-tryptophan dimerization genes. One sequence from well 1091 (Fig. S9 ) was found to fall in the abe/cla clade.
Recovery of Pathway Harboring Clone from eDNA Library. A PCR primer set designed to specifically recognize the 1091 amplicon (1091F, GGAG-CAGTTGCAGCTGGC; 1091R, CGCATGAACAGGTGGTGC) was used to recover the eDNA cosmid clone containing this tryptophan dimerization gene from the 1091 sublibrary, using a serial dilution strategy. Initially the 1091 glycerol stock was resuspended in LB to an OD 600 of 0.5, diluted 2 × 10 −5 -fold, and arrayed as 60-μL aliquots (∼25 cells) into four sterile 96-well plates. The plates were grown overnight and screened by whole-cell PCR to identify specific wells containing the clone of interest. The culture broth in the PCRpositive wells was then spread on LB plates and individual colonies were screened by colony PCR to identify the specific clone harboring the 1091 amplicon sequence. This clone, AB1091, was de novo sequenced at the Sloan Kettering Institute DNA Sequencing Core Facility (New York), using 454 pyrosequencing technology (Roche). AB1091 was then annotated using FGENESB (Softberry) for gene prediction and BLASTP (National Center for Biotechnology Information) for protein homology searches (Fig. S9 ).
Retrofitting and Conjugation of bor Gene Cluster-Containing Clone into S. albus. AB1091, the cosmid containing the bor pathway, was digested with AanI and ligated with the 6.8-kb DraI fragment from the E. coli/Streptomyces shuttle vector pOJ436. This fragment contains the origin of transfer (oriT), the apramycin resistance marker, and the Streptomyces φC31 integration system (31). The retrofitted AB1091 was transformed into S. albus by conjugation with E. coli S17.1, using published methods (31) . Exconjugants were selected on mannitol soy flour medium (MS), using an apramycin (25 μg/mL) and naladixic acid (25 μg/mL) overlay. Successful exconjugants were restruck on MS plates and grown for an additional 5 d before harvesting spores.
BorR Expression. BorR was PCR amplified from AB1091, using Phusion polymerase (New England Biolabs) and the following primer pair: BorRF, GAGACATATGAA-GACTCTGCCGGGTCG; BorRR, GAGATTAATTAACTACCGCGCTTCTCGGAG (NdeI and PacI sites added for cloning are shown in italics). PCR cycling conditions were as follows: 1 cycle of 98°C for 1 min; 40 cycles of 98°C for 10 s, 63°C for 25 s, and 72°C for 1 min 30 s; 1 cycle of 72°C for 7 min; and 4°C hold. NdeI/PacI-digested PCR product was cloned into NdeI/PacI-digested pIJ10257 (32) . This construct was then moved by conjugation into S. albus harboring the bor pathway and resulting exconjugants were selected using hygromycin (100 μg/mL). Successful exconjugants were restruck on MS plates and grown for an additional 5 d before harvesting spores.
Borregomycin Production and Isolation. S. albus AB1091 spore stocks (both with and without the pIJ10257 borR expression construct) were used to -fold and arrayed as 100-μL aliquots into sterile 96-well microtiter plates. An ampicillin control and compounds 1-6 resuspended in dimethyl sulfoxide were added at an initial concentration of 25 μg/mL and serially diluted 2-fold across the plate such that the final concentrations were 25, 13, 6.3, 3.1, 1.6, 0.78, 0.39, 0.20, 0.098, 0.049, 0.024, and 0.012 μg/mL. A dimethyl sulfoxide control was similarly diluted across one row of the plate. Plates were incubated at 30°C for 24 h. The lowest concentration with no observable growth (OD < 0.05) is reported as the minimum inhibitory concentration (MIC) for each metabolite.
For the cytotoxicity assay against human colon tumor cell line HCT116 (ATCC; CCL-247), the cells were grown in McCoy's 5A Modified Media (Invitrogen) supplemented with 10% (vol/vol) FBS and 1% (vol/vol) penicillin/ streptomycin (37°C with 5% CO 2 ). Cells were seeded as 100-μL aliquots into sterile 96-well plates at ∼1,000 cells per plate and incubated for 24 h before adding compounds. A dimethyl sulfoxide control and compounds 1-6 resuspended in dimethyl sulfoxide were dissolved in fresh media and added to the cells at final concentrations of 50, 25, 13, 6.3, 3.1, 1.6, 0.78, 0.39, 0.20, 0.098, 0.049, and 0.024 μg/mL and grown for an additional 72 h. The cell density in each well was then determined with a crystal violet assay (34) . Briefly, the cells were washed with PBS and fixed with 4% formaldehyde in PBS (10 min, 24°C). After an additional wash with PBS, the cells were stained with 0.1% (wt/vol) filtered crystal violet solution (30 min, 24°C), washed with water, and air dried. Ten percent acetic acid was added to the stained cells to extract the dye and the absorbance at 590 nm was measured using a microplate spectrophotometer (Epoch; BioTek). The normalized absorbance values were plotted and curve fitted using Graphpad Prism to determine the IC 50 s.
Compounds were submitted to EMD Millipore to determine their inhibitory activity against a panel of kinases (KinaseProfiler) and for IC 50 (IC 50 Profiler) measurements. Radiometric and homogenous time-resolved fluorescence (HTRF)-based methods were used to measure the incorporation of phosphate into the substrate in the presence of the compound for protein and lipid kinase assays, respectively. The activity values were normalized against readings taken in the absence of any added compound. Please refer to the EMD Millipore website (www.millipore.com) for additional protocol details.
Supporting Information. Please see SI Text for a detailed description of the structure elucidation arguments and additional analytical data (SI Text), 1 H and 13 C NMR spectra (Figs. S1-S6), heteronuclear multiple bond correlation (HMBC) data (Fig. S7) , kinase inhibition activity data (Fig. S8) , and bor gene cluster annotation data (Fig. S9) .
